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Description 

This Invention relates to Improved calcium silicate materials and to processes for manufacture of such 
materials. 

5 Calcium silicate materials comprising a crystalline matrix of calcium silicate consisting predominantly 
of xonotiite and/or tobermorite are known and used widely in applications involving hot face temperatures 
above about 600°C. These are produced generally by mixing silica with calcium hydroxide (usually as 
slaked lime} and autoclaving before or after moulding. United States Patent Specification No. 4238240 
summarises a number of previous patents exemplifying such processes. The thermal insulating materials 
to thus produced have limited life at above 1000°C and are generally, after heating fragile, and the materials 
may also be subject to a degree of superficial shrinkage on drying which creates production problems and 
defects in moulded articles, such as slabs, moulded from the materials. 

It is also known to add a quantity of wood pulp or other cellulose fibres, rock wool, and/or 
dlatomaceous earth. It has also been proposed, in British Patent Specification 1,462,242 to add clay or the 
15 like to a reacted slurry of hydrated calcium Silicates, but this requires a longer moulding time and the 
shrinkage on drying of the moulded product increases proportionately to the amount of clay added. 

An object of the invention is to provide a calcium silicate based material with improved thermal 
insulating properties and improved strength after heating, and reduced superficial shrinkage on drying. 
The invention accordingly provides a calcium silicate based material comprising a crystalline matrix of 
20 calcium silicate consisting predominantly of xonotiite and/or tobermorite, characterised In that free silica 
has been added to the material to occupy interstices of the matrix. 

Advantageously a source of calcium Ions Is also present residual from the matrix-producing reaction, 
or added with or immediately after or before the addition of the free 6lllca, such as for example a 
suspension of calcium oxide, or slaked lime. 
25 The silica added is preferably amorphous in structure, with generally spherical particles and having a 
surface area per unit mass greater than 5 m*/g. More preferably, the silicon is added in the form of a finely 
divided powder with a surface area in the range of 10 to 250 m z /g, such as silica fume recovered for 
example from the manufacture of silicon metal or from the manufacture of ferro silicon. 

The Invention also provides a method of making a calcium silicate based material comprising reacting 
30 silica and calcium oxide to produce a matrix of crystalline calcium silicate consisting predominantly of 
xonotiite and/or tobermorite, characterised In that after completion of the reaction, free silica is added 
thereto to occupy Interstices of the matrix. 

Advantageously calcium Ions are also present or added, in for example the form of a solution of 
calcium oxide or slaked lime preferably In a quantity sufficient to react with surface layers only of the silica 
3S particles whereby the particles may be "cementitiously" bonded together, without substantial loss of the 
thermal properties of the silica. 

The slurry of calcium oxide and silica used to produce the crystalline matrix may additionally contain a 
6mall quantity of manganese, magnesium or other Ions capable of being incorporated In the calcium 
silicate crystal structure. Such additions enable a higher solids content to be present in the slurry without 
40 the expected Increase in viscosity, they do however unacceptably increase the thermal shrinkage at 1000°C 
which Is more than offset by the addition of free silica. 

The slurry of lime and silica Is preferably autoclaved, after which silica {and calcium Ions or a suitable 
source of such ions as required) are added at a temperature necessary to permit thB cementitlous reaction 
to occur {usually above 76*C) together with a suitable quantity and type of non-asbestos fibre. The slurry is 
is then moulded The resulting slabs are then dried, or may be subjected to further autoclaving before drying. 
Suitable calcium salts which dissociate In aqueous solutions may be used as a calcium Ion source, 
provided the anion of the salt does not Itself have adverse effects on the product For this reason calcium 
chloride is not suitable. 

The material and method of the invention will now be further described and the inventive concept 
so explained hereinafter and with reference to the following examples. 

Example I 

Experiment illustrating the underlying concept of the invention . 

10 g of silica fume (a very finely divided form of silica having a surface area of 14 m*/g) was stirred with 

es 1 litre of distilled water at 8(rC. The slurry was filtered and the resultant filter cake completely dried in a 
laboratory oven at 110«C. The dried cake crumbled easily between the fingers. 

The above steps were repeated using the hot filtrate from a well reacted slurry originally comprising 
equimolar proportions of calcium oxide and silica in distilled water and having a pH of 9—9,6. This dried 
cake was significantly less crumbly. 

60 These observations may be explained in that Jennite or other well recognised species of calcium 
silicate are formed under these conditions. Due to the limited quantity of calcium ions present in the latter 
filtrate, the reaction Is probably superficial only, but sufficient to provide adequate cementitious bonding 
between the particles of silica, and possibly also to the existing calcium silicate If, as proposed in the 
present invention, this reaction were carried out after formation of a crystalline matrix of calcium silicate. 
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The reaction between lime and silica to mate calcium silicate proceeds In several stages and is 
well-known It is generally egreed that this reaction can be represented as:- 

C+S-*CtSH-»CSHI->CSHII-*xonotIite/tobermoifte 

5 ^^fcS, 5f iSSur. dependent A description of this mu.tl-step process «s given in 

Canadian Patent 601.124 «NtaMI 41 to cohj JJ^^',.^ ca|cIum 8 „ icate wit h good 
In one embodiment of this invention, far ^ ™^Ena freB sHIo8 is add ed at a stage where 

thermal shrinkage and a high compressive streng* tree snica s^ ay th9 a reaction 

10 subtantially only xonotllta Is present, U. the re £ ™ ^6 "me J**™ f £X added silica In 

constituents but sufficient calcium was present ^P^^^SS^XS»wL tobermorite. 

the manner described. In another Jjnjo «t*o Jttdy rf 

,« as explained in conned lonj >M* VSJILdon between lime and silica slurry whereby the 
the following examples. 
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Example 2 



samples was 1.16%; 2.98%; and 2.87% respectively. 
Example 3 

With free silica manner as in Example 2, but manganese acetate was 

The reaction product was prepared In the same manne r «f n t ™P 1 ^ _ , , of w 1>5 y e , Rve percent 
<° added to the reaction constituents. The manganese acetate, addition was ^^\^to£m<a free- 
wood pulp was added. Instead of 2.6% ea<* ^^,£2X722 half of the 
silica was added to half the reaction pmM ian di Je rwiftant ^J*3^ n rt lfl0B ^ T ^ VBl1t t|on 

45 below in Table 1. 

TABLE 1 _ . 

Without 10% free silica With 10% free silica 
Beaton (Example 2) % (Example 3) % 

so y " 5.64 O- 86 

408 



55 



2 

S 5.98 . 9-87 

4 5.99 — 

5 - * 81 
60 6 _ 0.73 
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0.63 
0.73 
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It will thus be seen that the addition of free silica not only materially reduces the shrinkage of the 
material (from about 2% to under 1%) but also obviates the excessive thermal shrinkage caused by 
eddltlon of "doping" tons such as manganese. 

Example 4 

Added silica with calcium ions . , ... , 

3.4 Litres of well reacted calcium oxide and silica made by reacting equlmolar proportions in aqueous 
suspension and recognised as well reacted by X-ray diffraction, were d ylded into 2 portions. To the first 
portion (1.7 litres) 100 ml of en aqueous slurry of slaked lime wMi >« <g ^■W B £^f2""^2 
silica fume were added. The resultant aqueous mix was heated to 9Q°C and filtered in a large Buchner 
funnel. The resultant disc like cake was dried at 110"C to constant weight 

Thisprocedurewasrepeatedwithttesecondhalfofthe^ 
fume. The diameters of the wet and dried cakes were measured and the superficial drying shnnteges 

is ^Theresults showed that superficial shrinkage without silica eddition averaged 10% but with the silica 

^ m ^ll!Sw^m9\lSZiW for a given reaction liquor is dependent upon many factors and In 
practice ear . va>y uSuaHy over the range 3-12%. In all cases the additions of free silica reduces the 
superficial shrinkage. The addition of calcium ions by way of slaked lime does not significantly effect this 

2a property achieved by the silica addition, but does improve the strength of the ... 
The accompanying drawing Is a plot of heat transmission (lambda) agairat ratenal density in kg/m* 
for a calcium silicate material without silica addition (full line curves) and with silica addition (broken line 
curves), at different temperatures. _ 

Curves A and B are derived from measurements taken at 660^ mean temperature. Curves C and D are 

ss derived from measurements taken at S00°C mean temperature. Curves Eand F are derived from 
measurements taken at 450^ mean temperature. Curves Q and H are derived from measurement taken at 

^ThTbroten Ccuvn show thatthe thermal conductivity of the material aoconfing to this Invention Is 
significantly lower at any given temperature than that of calcium silicate made without free silica. The 
addition of free silica of a much higher surface erea will greatly enhance this iMmiltoi ^auremente 
of the free silica containing matertel have only been conducted up to densities of jrijoutlSG i fegfo£ but die 
curves may reasonably be extrapolated to heve the same general shape and gradients as tiwse for the 
material without free silica which have been measured up to densities of about 200 kg/m . 

The material according to the Invention has the additional advantage that whereas most calcium 
silicate materiels tend to soften after calcination, when free silica with or wtthout calc um ton aided 
cemertltious binding of the silica are added, the compressive strength of the calcium silicate Is effectively 
unchanged as Illustrated by the following data:— 

TABLE 2 

Compressive strength (KIloNewtons per square meter) 
Before treating to 1000°C for 24 hours=1360 KN/m* 
After heating to 1000"C for 24 houre=1625 KN/m* 

Claims 

1. A calcium silicate based material comprising a crystalline matrix of calcium silicate consisting 
predominently of xonotlite end/or tobermorite, characterised In that free silica haa been added to the 

~ material to occupy interstices of the matrix, 

2. A material accoitllng to claim 1 characterised In that a source of calcium Ions is present or has been 

added to the matrix. , . . 

3. A material according to claim 2 characterised in thatthe source of calcium tons is any one of calcium 
oxide; calcium hydroxide; or a calcium salt which dissociates In aqueous solution and the anion of which 

-> has no disadvantageous effect on the properties of the material. 

4. A material according to claim 1, 2 or3 characterised in that the free silica has a high surface area per 
unit mass greater than 6 m% and Is amorphous In structure with generally spherical particles. 

6. A material according to claim 4 characterised In thatthe surface area of said free silica is in the range 

° f 1 6. A rnaterial according to claim 4 or 5 characterised in that said free silica is silica fume recovered from 
the manufacture of silicon metal or from the manufacture of terra slileon. 

7. Amethod of making a calcium silicate based material comprising reacting silica and calcium oxideto 
produce a matrix of crystalline calcium silicate consisting predominancy of xonotlite a nd/or tobermorite, 
characterised in that after completion of the reaction, free silica Is added thereto to occupy Interstices of the 

6e matrix. 
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a A method according to claim 7 characterised in that calcium Ions are present In solution from the 

5 nShid 8 l j£SSH darm7 characterised in that a source of calcium ions Is added to the materia, 
tb A method acceding to dalm 8 or 9 characterised in that the calcium Ions are added or are present 
. In a ^SSSSSSffi reaction with the particles of the added silica whereby the » 

bound i together without significant loss of the thermal properties of the silica or the matnx wherein .t is 

A method according to dalm 7 characterised In that the free silica Is finely divided with a surface 

re '""I? A^eSofaSSrding to claim 11 wherein the free silica Is silica fume recovered from the 
manufacture of silicon metal or from the manufacture of ferro silicon. 

manufarture or smcon 0 f datms 9to 12 characterised ta ithatthe source of o*fam 

ions Is any one of calcium oV calcium hyd^ 

and the anion of which has no disadvantageous effect on the properties of the matenal.. 

16 

Patentanspruche 

I^KabiumaJlifatwartetoff, bestehend eus einer kriatalllnen Matrix ^.^^^SS^ffSZ 
aberwlegend Xonollt und/oder Tobermorit enlMIt dadureh Sete^W™*. daB dam Werkstoff freie 
,„ k-«Ri^Lire zur Besetzung der Zwtechengitterpiatze der Matnx zugefugt 1st 

20 2 ^ dadureh gekennzeichnet daB elne Kalziumionenquelle elngefuhrt oder 

^ SSS dmch 2, dadureh gekennzeichnet daB die Kalzlumionenqualle aus Kalriumoxid, 

KalduIydtxM "o^er^ S'msalz besteht welches In wSssrlger lost noMM, wobel dessen 

oJ^^W^^ ^ ^ 5 mVund elne amorphe Struktur n* fen al.geme.nen 
"TfwSS^ **"* gekennzeichnet daB die Oberflach der genannten frelen 

" tvSShnn „„hAn.pruoh7.dadu^a.kenn«lcht»td*10>Mumtone n InL6 S un BM *,dtoM a ^ 
hirizogefOgt wild. fl dadureh gekennzeichnet, daB die Kalzlumlonen In einer Menge 

^Verfahren nach Anspruch 7, dadureh gekennzeichnet daB die frale Weselsaure mlt einer 

55 fn*K^ Und VOfl We,Ch9m ^ 1(811,6 naChtemQe WlrkUn9 ^ 

Elgenschaften des Werkstoffes hat. 
Revendications 

„ *?S«!?SJ 1 cm*M » - V » .cure. dlon, c=» m « t» 
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quelconque des suivantes: oxyde de caictum; hydroxyde de calcium? ou un sel de calcium qui se dlssocle 
dans una solution aqueuse at dont I'anlbn n'a pas d'effet ntfaste sur las propria du matSnau. 

4, MatSriau sulvant Tune quelconqua des ravendicatlons 1 , 2 ou 3, caract<§rts$ en ce que la silica libra a 
une aire de surface 6Jev6e par unltS da masse, supdrieure d 5 m 2 /g at est de structure amorphe a partlcules 

6 g6n6ralement sphSriques. 

5. Materiau sulvant la revandlcation 4, caract6ris6 en ca qua I'aire de surface da la silica libra est 

comprise entre 10 et 250 m% 

6. MatSriau sulvant Tune quelconqua des ravendicatlons 4 ou 5, caractense en ce que la swce libre est 
de la fumde de silica obtenue a partir de la fabrication du sllicium mdtallique ou a partir da la fabrication du 

w ferro-sllidum. , x . to . . . . 

7, ProcMS pour la fabrication d'un mattriau a base de silicate du genre dans lequel on fait reagir de la 
silice et de I'oxyde de calcium pour produire un reseau de plicate de calcium cristallin consistant de 
manure pr&tominaote en de la xonotllte et/ou de la tobermorite, caractfrise en ce qu'apr&s achevement de 
la reaction, de la silice libre est ajoutfe en vue d'occupeMes interstices du reseau. 

15 8. Precede suivant la revendication 7, caract6ris6 en ce que des ions calcium sont presents dans la 
solution provenant de la reaction destinee a constituer le reseau, 

9. Procddd suivant la revendication 7, caract^risd en ce qu'une source dlons calcium est ajoutee au 
mat6riau. 

10. Proc6d6 sulvant Tune quelconque des revendicatfons 8 ou 9, caracteriaee en ce que des Ions 
20 calcium sont a]out6a ou sont presents en quantity permettant une reaction avec les partlcules de silice 

lncorpor6e de manldra que ces particules de silice soient assocteas ensemble sans perte significative des 
proprtetfe thermiques de la silice ou du reseau dans lequel elle se trouve. .. 

11. Proc6d# suivant la revendication 7, caract$ris6 en ce que la silice libra est finement divisee en ayant 
une aire de surface de 10—250 m a /g, 

25 12« ProcSdS sulvant la revendication 11,caracteris6 en ce que (a silice est une fumSe de silice obtenue a 
partir de Ea fabrication de sllicium m&allique ou a partir de la fabrication de ferro-slllcium. 

13. ProcMe suivant I'une quelconque des ravendicatlons 9 a 1 % caract6ris£ en ce que la source d ions 
calcium additionnels est soit un oxyde de calcium, solt un hydroxyde de calcium, soit encore un sel de 
calcium qui se dlssocie en une solution aqueuse et dont I'anlon n'a pas d'effet ntfaste sur les propnetes du 

so mat6riau. 
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